
, ; „ n of ihe c# tions from the ohenolic groups to form the zwitterions. 
hydrogen bonding is r.ot important in this equilibrium. However. 
;{r e elewron-wishdrawing enhancement of the carboxamide group 

. p ^ . . . . — 4- — - j. - jt■ or- v-r n. ■ an > B .’■jl' 



entirely to the greater tleciromeric arid field effects oa the phenyl 
substituted csrbox&rrido group in the lowest excited smglet state. 


iii,.':..ill is—***> 


/•^ vy r tT. Lsuig.s. G. i:dcnodia } and F. -- ihuyn, ./, s'hen a 
scl ., SB, 771(196$) 

(2) W. H. Barr and S. Riegelmafr, 59, 154(1970). ^ 

( 3 ) s. A- Veresh* .F, S. Horn, and A ... Mlskei, //Wz*. 


(1971). 

(4) A* Agrsn, Acm CAew. SbtfwG 9, 19(1955). 

(5) S. G. Schulman, / Pharm. Sci., 60, 37 i{ 1971). 

(6) P. J. KovL C. L. Miller, and S. G. Schulmarij Anah C turn* 

£ a:f gt, 7H972), 

" ( 7 ) y/. L. Paul and B. G. Scbulman, A/jn/. Ckn., 45, 4150973). 
(8) S. G. Schulman and A. C. Capomacctua, Spectrochim, Act a, 

23 A, 1(1972). 


Received October 16, 1972, from the College of Pharmacy f 
0 mvetsiiy of Florida. OcuFi&svidc. FP 32601 
Accepted for publication February 9, 1973. 

- To whom inquiries should be directed. 


Alkaloid Studies VIII: Isolation and oharactenzation or 
Alkaloids of Tahernaemontana heyneana Wall and 
Antifertility Properties of Coronaridine 


WALTER E. MEYER. vOHN A. COPPOLA*. End LEON GOLDMAN' 


Abstract □ Extraction of the roots of r ahernaemontam heyneana 


Wall yielded the alkaloids core cmi dine, voac&ngine, K.ogamine, 

} 9-oxocoronaridlne,and the pseudo in doxy 1 of voacangine.Coronan- 
dine was demonstrated to prevent pregnancies in adult female rats 
when administered orally. 

Key phrases □ Tabetnaemontana heyneana vV ad— isolation and 
characterization of alkaloids, airtiierdbty pi opei t■,es o l o.j > un.an - 
dine □ Alkaloids— isolation and identification from Tahemae- 
montcniCi heyneana , antifertifity properties j j. ^oronaE miiiv. j— J f - i 
fertility agents, poteniiai—isolation - characterization, and screen mg 
of cot on afi dine from Ta bernacen ont ana heytieatict lH Coionar>chne— 
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f rom the methylene chloride extract by washing with aqueous base 
gave, after evaporation of the solvent, a brown amorphous crude 
material (fraction A), which retained ali os ihe and fertility activity 
of the original extract. Chromatographic fractionation of a portion 
of Fraction A on silica gel yielded ihe alkaloid coronaridine and a 
closelv associated alkaloid which was not obtained pure. 

The alkaloids in Fraction A were precipitated as their Hydro¬ 
chloride salts, and the free bases were regenerated to afford a tan 
amorphous mixture of alkaloids (Fraction B). Sequential chroma¬ 
tography of Fraction 3 on silica gel, Grade 1 neutral alumina ana 
Grade III neutral alumina yielded additional coronaridine and tne 
second alkaloid, which was identified as voacangme (111) by com¬ 
parison with an authentic sample 1 . 

The syrup obtained from a methanol wash of tne 'oracle n- 
ne AaI alumina column was separated further by partition chroma¬ 
tography on diatomaceous earth to give a chromatographicaily 
uuie. nor-crystailine alkaloid. This alkaloid, which appeared on 
thip-WA cVoma to grams of solutions of coronaridine mat haa 
bcen'-Aosid to air, was identical with the iodine--sodium Incar¬ 
nate oxidation [the procedure for conversion of ibogaihe 0V) 
to-rtxoifccgame (V) (?)} product of coronaridine. The appearance 
a f P rM3 .-. J i csrbcnvl absorption band in the IR spectrum -.o.05 >i .> 
a .o g moiecular-ion oeex (m/e JnAltSC) in .«e Il!ass spccaurti, 
; , ™ oeayed 14 mass unils higher than the molecular-ion peak 
for CO ronR-idine, indicated this alkaloid to be 19 -oxocorpnandme 
rvn" creviously isolated from the bark of Coaopharyngia joltyana 
Stapf."C4), fin Reference 5, this compound was characterized only 
, we imfa and -r vs lues."I 
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eluted were combined and subjected to partition cOiWietography 
utilizing a less poW solvent system-One fraction yielded a crys^ 
talline alkaloid which was identified as ibogatnine (V 10 (7~-T ^ 
Although 19-oxocoronaridiiie and th^ pseudoiridoxyl m voa- 
cangine may occur naturally, the susceptibility of the tboga alkaloids 
to oxidation under mild conditions (10) suggests that these autaioids 
may be formed by the autoxidation of the parent alkaloid. Hooie*e 
and Pecher (5) suggested the possibility of a similar origin for several 
19-oxo iboga alkaloids isolated from C. jolt yaw. The possibility ol 
the pseudoindoxyl derivatives isolated from T. mpicofa being arti¬ 
facts was suggested by Niemann and Kessel (i 1 ). 

EXPERIMENT A1A 

Extraction Procedure—Dried ground roots oi ■ ncyntn.vcTvvdii 
(7.5 kg.) were extracted by percolation for 18 hr. with 67.5 i* 
of 5% 3 A. ethanol The percolate was evaporated under reduced 
pressure at 25°, arid the residue was stirreo for If j st, vmh 
10% aqueous acetic acid. The suspension was fil e red and me liiki 
cake was washed with 10% acetic acid. The combined extract and 
wash was extracted three limes with i-l portions ol rnethylenr 

B T ...... Z m .H, 'j 


ri¬ 


ch lo ride. The combined extracts were washed two limes wn.i, 2c 
rnl. portions of 1 N sodium hydroxide and then the methylene 
chloride layer was dried (magnesium suit ate). Evaporation oj. the 
solution in vacuo yielded 26.4 g. of a brown frothy residue (Frac¬ 
tion A). . „ 

A 5,0-g. sample of Fraction A was dissolved m 100 ml o: ether. 

A solution of dry hydrogen chloride iu ether was added, and hie 
pale-yellow precipitate which, formed was removed by filtration. 
The precipitate was distributed between chloroform and 1 N sodium 
hydroxide, and the chloroform layer was dried (magnesium sulfate) 
and evaporated in vacuo to give 3,4 g r of a tan amorphous residue 

(Fraction B). ^ . 

Isolfiti&ii of Corona rid Lie il) and Voac&ngine 
(2 g.) was chromatographed on a silica gel column UOo g.) by de¬ 
veloping with 1 i. of benzene, followed by 200-ml. portions of 
benzene containing 5, 10 T 20, and 40% chloroform. When a yellow 


2 Melting points are uncorrccied. IR spectra were m - 

Per kin "Elmer model 21 recording spectrophotometer. UV absolution 
spectra were determined on a model 11 MS Taney recordingspecUo- 
photometer. Mass spectra were obtained on a AEt Ms j mass specu cin¬ 
der, Pro tost magnetic resonance (PMR) spectra were deternnneo on < 
VatUm A 60 spectrometer. Davison silica gd (.60-200 mesh) anu 
neutral alumina were used as indicated. Partition chromatography was 
performed on Johns Mansvilk diatomaccous earth using a heptanv 
ethyl acetate- methanol-water (80:20:17:4) mixture unless otherwise 

Si ^Collected and shipped through She courtesy ot e. N,Correhy cjo-c 
I ndia; a vot i che i sp ec i me n i s d e pos it ed i n t h c Bo ta n ic a I v ; olltrci s o i i o i 
Led eric Laboratories, A Division ot American uytmaimo uoiupany, 
Pea rt R s ver, N Y 1096 5 
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aiaieriti eluted y/ith chfeafenn-meihaisol |2D0itJ was 


purified fcrEfeer or a EOliin a of 200 g, O Grade I aliui«i«.*hichwa» 
developed wilk beni»6e -ctloroiorm <1:1). Tbe first tVs.ci.ion (125 
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• -i., nFroroiisirHrfie fhc followingfractiaa?. which 
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. . . . Ki .\-j' j, mlxthrs of -..c r Oita rid trie £.c.d vo&c&ngij iv. re- 
coroiilaiographed on a columa of *0® g of Crr&de IfV ahtrcinh. 1 Ke 
column was developed with betvzone and, after collecting 17 125-mi 
curs^ was v/aahed with chiorofunii and methanol I he residue (245 
nig.; Traction C) from the wash was reserved lor further purification. 
Evaporation of the first cut yielded an additional ^29 nig. oi com- 
naritiine, whereas the residue from the third cut yielded 122 mg. of 
voacangme (Xli) f obtained as a p&ie-yehovv syrup. The mass spec- 
p :LU y, of this syrup was identical with that oi an authentic sample oi 
[]ii. The PMR (13), IF (14), and UV spectra (14) were m accord 

w i th p ub li shed data. . 

Isolation of 19-0xocoro^aifidines (Vi)—Fraction C. (245 mg.) was 
subjected to partition chromatography, and the eiflueui was moni¬ 
tored at 285 run. 19 - 0 xocoronarEdine (VI) (23 mg.) was^ obtained 
in the fourth holdback volume as a pale-yellow syrup, A JrtAK -222 
(78 500) 276 (sh) (6500), 284 (7L10), and 292 (6000) am,; \ aiM i 
5.81, £.06, 6.92, 8.00, 8-85, and 13.51 ta PMR (Cpa,): S 8.20 
(s. 1H) exchangeable NH) t 7.15 lm s 4H, substituted aromatic), 4,3. 

(s t lH, -^C—H), 3.70 Cv 3H S COCH.), and 0.97 (l 3H s CHaCff*); 

mM. spectrum, mokenier ion at At/* 352,1780 (O.HnN^O^ cak 

Oxidation of Corm^ri dine (l) to 1 9 *-OxoCorottnndme (VI) 
Coronaridinehydrochloride(25C mg., 0.7 mmole) was dissolved in 8 
m L of 50% aqueous tetrahydrofurau coutaiuuig 500 mg. ot sodium 
bicarbonate. A solution of 360 mg. (1.4 mmoles: ol iodine in l 0 n h 
of tetrahydrofuran was added drop-wise and, after an addibonal 
miu, at ?S'\ die reaction was cooled >n an ice bath tig 10 ml o>. 
water and 20 ml of meihvkaie chloride were added. The layers were 
separated and the aqueous pnase was washed with o..) m.* oi m'-i^ 
ykne chloride. The combined methylene chloride solutions were 
washed consecutively with 20 ml. of 5% sodium thiosulfate - N 
sulfuric add, and water. After drying (magnesium su!rate), the 
solution was evaporated lo give 240 mg. of a pale-yeilow syrup, 
which was chromatographed on a shies, gel column using e 7 
acetate for dev slop mem; 0.75-ml. cuts were coll ec led Coro nan- 
rji-e (27 mg ) was recovered by evaporuuon oi cuts l-b, ana 
oxocoronaridinft (86 mg,) was obtained after evaporation ot cuts 
15 -30. This material was found to be identical with t!»e T.Loxocor- 
onaridine Isolated from T. heymnua by comparisons oi \Ranama&s 

rsf -m 

Isolation of the Bsendomdoxyl VIII of Yoacangtne - Fracdon B 
(12.7 g.), o btai i i ed fr om a i 6-g, por t i o a o f Fr ac-11 on A, wa s c hr o- 
matographed on 400 g. or alumina (Grade H) Al ter elution with 3 1- 
of benzene, a chloroform-methsmol (4:1) wssli yielded a fraction 
(2 1) which, upon evaporation, gave 6.9 g. of a yellow syj ap. ^ rti ’ 
lion chromatography of 64) g. of this syrup yielded a ycdow syrup 
(Fraction D) from the first two holdback volumes and ing + ol a 
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Table jj _Estrogenic Effect in Immature Female Rats 
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veOow syrup (Fraction E) from the fourth holdback volume. Final 
purification of Fraction t was effected by chromatography on 15 
o of silica gel end eluting with ethyl acetate, followed by preparative 
TLC on silica cel plates 5 using ethyl acetate for development. A 
brieht-yellow band {Rj 0.7) was eluted with methanol, and the solu¬ 
tion was evaporated m vacuo to yield J75 mg. of a yellow froth. 1 wo 
crystallizations from methanol gave 20 mg. o. Vill as yellow-green 
lluorescent needles, m.p. 201-203° 0it. <6> m.p. 205-203 ]. PMR 
(COC1,): S 3.77 (s. 3 H, OCHJ and 4.55 (s, c H, C0 2 CH= -1 no 
mass IR and U V spectra were m accord with pubushec ] dai a \oh 
Isolation of Ibogamine (VII)—Fraction D was fractionated by 
partition chromatography using a 2 -fsiethoxyethanol-heptane sys¬ 
tem, Evaporation in aicno of the third holdback volume anu 
tallization of the residue from ethanol yielded colorless crystals ot 
VII, m.p. 160-161° [Ui. (7) m.p. 162-163°]; aC 1.1, 

CHCV) [lit, (7) [«g -364° (CKGUH. The IR (8) and mass 
spectra were in agreement with published data. 

PHARMACOLOGY 

Coronaridine was tested previously in a variety of pharmaco¬ 
logical systems (12), Although a relatively broad spectrum ol bio¬ 
logical activity was reported, no andfertility properties were de¬ 
scribed. In the present study* the oral admim strati on ol coronal tame 
hydrochloride to adult female rats at levels of 5 mgJkg./day or 
above prevented pregnancies, Voacangiue. assayed by the same 

procedure, did not prevent pregnancies. ^ 

Graded doses of coronaridine hydrochloride were administered 
orally once daily for 10 days to adult female rats (225-250 g.), winch 
were maintained on a standard dial of laboratory rat pellets ant. 
water ad libitum . The dose was composed of propylene glycol and an 
appropriate amount ot coronaridine hydrochloride,, so tnat *-•- - 
desired dose was administered ui a 0,25-mb voiume. Control i eG 
were given propylene glycol without the alkaloid. From the 1st 
day of treatment, the females were placed with ferine mates. Four 
nays after the teatdose, the female were sacrificed and uterine ir:,r. 
implantation sites were counted. Estrone was usea as a Siano*^. 
Under these conditions, simultenuously periormea vehicle coimoj 
groups yielded pregnancy rates of approximately 90% t and the 
ED s m o f e si rone wa s c on si s ten tly 0.5 mg. i k g./oa y ^ 

The results of this study are summarise ill l able u 


In the uterotropic assay, which measured estrogenic activity, 
immature female rats (50-60 g.) received single daily ora! doses in 
0.25 ml. of propylene glycol for 3 days. The uteri were removed and 
weighed 24 hr. after the last dose. A minimum oi five rats was tested 
at each dose level and, here also, estrone was used as reference 
smndard The average uterine weights oi estrone- or test comp ound- 
treated rats were divided by the average uterine weight of simul¬ 
taneously performed vehicle controls to estimate the degree of uterine 
hypertrophy. Thus, for example, a ratio of 1,25 indicated a -Do %" 
crease in uterine weight above control values. I he results o, this 
assay are summarized in Table II. The data indicated that corona¬ 
ridine was weakly estrogenic in that it was only about. 3 X 10 times 
as potent as estrone in eliciting uterine growth. Nevertheless, doses 
approximately one-third the minimally effective anil fertility dose 
produced a 35% increase in uterine weight, and the antiJeitiiuy 
ED mo was associated with an 85% increase. There! ore, the con¬ 
traceptive action of coronaridine was ostensibly related to us in¬ 
herent estrogen icily since the two effects were apparently msepa- 

table. 
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